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ABSTRACT

An empirical relationship batween the area in which a given
dosage is equalled or exceeded and the value of tha dosage itsalf is
developed using Green Glow data. It is found that the logarithm of
the arei is nearly a linear function of the logarithm of the dosage

divided by *%. ~nurce strength and multiplied by a representative
wind speed. These results differ only slightly from similar resu!ts
obtained from Prairie Grass data.

Observations of the time of first lrrivﬂ of the t>acer near
ground level at distances of & and 16 muu fzom the source indicate
that the tracer material which first arrives has travelled with a wind
spead greater than the surf2ce wind (aboaut 15 ft). It would be nec~
essary to have wind speed measurenionta between 50 and 100 {t above
ground in order to estimate the time of first arrival at thase distances
even though the source is no higher than 15 ft.
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PREFACE

During the Summer of 1959 a series of diftusion experiinents.
jointly sponsored by the U.,S. Air Force and the . S. Atomic Energy
Commissio, was conducted on the Hanford reservation of the Commis-
sion in southeastern Washington. The program had becen nicknamed
Green Glow, a naine which reflects the use of a pigmens tracer that
exhibits a green fluorescence under ultraviolst light.

The following organizations participated in the program:

t. Hanford Laboratories Operation, Hanford Atomic Products
Operation, General Elsctric Company

2. Texas A & M Research Foundation

.3. 6th Weather Squadron, 4th Weatier Group, Air Weather
Service

4. Geophysics Research Directorate, Air Force Cambridge
Research Center

The objective of the experiments was to determine, as a function
of meteorological conditions, the hurirontal and vertical diffusion
natterne cf 2 particulate tracer emitted coatinucusly from 4 source
near ground levei. The horizontal pattarns were sought »ut to a dis-
tance o1 about 16 miles and the vertic-] patterns to a diswance of about
2 miles.

The purpose of this Survey is tc pro.ide answers to tne following
specific questions of significance to the Air Forre:

1. For a given roean dosage of a pollutant, what is the size of -
the area downwind ‘rom the source within which the given
mean dosage is axceeded?

ie What type of wind information is necessary tc determine -
the time of first arrival of a tracer at distances oi the
order of 8 to {6 miles?

Following an introductory section on a description cf the site and
the experimental procedures, Sections 2 and 3 will contatn answers to -
the two Guestivus glveu abuve. The answer to the fi.st questior, in

particular, is an abbreviation of a nure detailed analysis ta be included

ix




in a Geuphysical Redearch Note now in preparation. The diilusion and

meteorological data énd a more complete cescription of the equipment

and the field and laboratory procedures will be included in a forth-

coming Geophysical Resear~h Paper. .

Morton 1. Barad
Ccophysics Ressearch Directorate
AF Cambridge Research Labo.atories

James J. Fuquay

Hanford Laboratories Ope.ation
Hanlord Atomic Products Operation:
General Electric Company

A




AREA-DOSAGE RELATIONSHIPS AND TIME OF
TRACER ARRI7AL IN THE GREEN GLOW PROGGRAM

1. A DESCRIPTION OF THE EXPERIMENTAL FROGRAM
f.t Characteristics of the Site

Tha Green Glow progrim was conducted during June, July,and
August of 1559 at the Hanford reservaticn of the U.S. Atomic Energy
Commission near Richland, Washington, -This area is located in
southeasterrn. Washington in a semi-arid climate. The reservation is
roughly bounded on the north and east sides by the Columbia River and
on the south and west by the Rattlesnake Hills and Yakima Ridge. TLe
maximum hcight of the mountains approaches 3500 ft above sea level,
whereas the major part of the reservation lies about 400 to 700 it
2bove sea level. Figu‘g‘ ! is a topographic map of the area showing
the location of the sampling grid and othier Jbserving points to which
seference will be made 'ater.

The sampling gr.d is indicated in Fig. 1 by segmenrts ~f circles
all centered about the point marked "Source.”" The tick marks along
the w.rce show the pusitions of the camplers. Within 4 111:7c3 of the
sousce the ground is reclatively flat, with slightly rolling hills or
ridges a2 bit more frequent in the region between 4 and 16 miles of the
source. The most prominent feaiure of the topograpky within tne
sampling grid is the drop in general ievel of terrain about 4.5 miles
scutheast of the source. '

Most of the reservation is covered by desert grass and sage-
brush. The sagebrush often grows tu a height of about 4 or 5 ft, but
has an average height of about 3 fe,

The grid was laid out to take advantage of the nighttime drainage

wind, which is a climatologqiral feature of ths area. On clear nights

{(Authors' manuucript}lappr wed 4 April 1961.)
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with relatively stagnant weather patterns (features coinmon to this area

in summer), fairly persistent winds blow {rom northwest tu southeast,
beginning in late evening and continuing until after sunrise.

1.2 Experimental Design

The design ot the diffusion experiments to be described was a
joint venture undertilen by personnel of the Geophy sics Research
Directorate und the Hanford Laboratories Operation. The conduct of
the diffusion eaperiments and the reduction of the diffusion data were
the responeibility of the Hanfcrd Laboratories Operation. Aleo par-.
ticipating in these phases of the program ware personnel of the Geo-
physics Research Directorate, the Texas A & M Research Foundaution,

‘and the Air Weather Service.

The samplers were laid out along arcs lcéordm' to the plan
shown in Table 1. These samplers were all 1.5 meters 2bove grourd.

TABLE 1. Caaracteristics of sampling network

Sampler
Arc Distance Spacing Arc Leng®h Flow Rate
(km) {miles) (degrees) (degrees) L sec-t)
1 0.2 0.12 2 " 90 0. 148
2 0.8 c.50 2 90 ©0.153
k) 1.6 0. 99 1 48 0.232
4 3.2 1.99 1 90 0.513
5 12.8 7,98 .5 7% 1.963
é 25. 6 15.914 0.25% 37.25% 1.980

During the first few experiments participating personnel found that the
original laycut of umﬁleu could be improved to obtain better definition
of cloud width. Therefore, betveen Rurs 10 and 11, 22°® of sampling
arc were added to the north end of the 200-m arc, 20° to the north end
ot the 800-m arc, and 19° to the north end of the 3200-m arc. These
changes were effected by removing like distances frorm the southern




ends of these arcs. These changes did reisult in tetter cloud definition.

They are incorporatea i1 Fig. 1. .
In addition to the ground sampling network, towers we’e erectea

at tive pointe on each of the four inner arcs. These towers wers located .

at azimuth angles 98°, 106", 114°, 122°, and 130°. (See insert, Fig.1.)

Each tower had 15 sampiers with the top level increasing from 27 m

on the 200~in arc to 42 m on the 800-m, and to> 62 m on the 1600- aud

3200-m arcs.
To deterinine the arrival time of the pigment on the two outer

arcs, drum samplers were placed at various positions on these arcs.

These drum samplers provide a time record of the deposition of pig-

ment on a revolving drum; and this information can be used to determine

the length of time it takes the pigment to travel fyom the source ‘. the

sampler. Some results obtained fruin these samplers will be discussed

in Section 3.

1.3 Experimental Procedures ‘ ' v

The tracer used in this study was a fluorescent sinc sulfide p'g-
ment (U.S. Radium Corp. No. 2210} which has a geometric mean parti- F)

cle diameter of «bout 2.5 rhicrons. The pigment was suspended .n a
tank filled with water and emitted simultaneously fro.n two dispensers
{Todd Insecticidal Fog Applicators) placed side by side on the graund.
The nozzles of the dispensers had to be pointed upward to allov the pig-

" “ment to clear nearby sagebrush. Asa result, the effective source

height was about 3t 5 m. Between 0.5 and 3. 6 kg of pigment were
emitted during each relersc, the total emic.inn time being 30 minutes
on Il‘mOIt all of the releases.
The pigment was collected on membrane filters about 2 inches
in diameter i1n the sampler positions given in Table t and on the towers
described in Section 1. 2. Air was drawn through the filters at diiferent
rates on each arc,the rates increasing with distance from the source,
arain ae indicated in Table {. Flow rates on the towers were the same ’ .

as nn the grouna samplers at the respective arcs.



After the pigiment was emitted for 30 minutes, the dispensers
were shut off, but the samplers were turned off only after a suitabie
delay to allow the cloud of particles to fully pass the reapective arcs.
Tha [iiters were cullected, new ones inserted to prepare for the next
release, and the exposed filters taken to 2 laboratory for assaying.
This assuying was accomplished by exposing sach filter to a source of
alpha particles. When ths pigmant particles are struck by alpha parti-
cles, the ensuing light-flashes are detacted and accumulated on a
counter.

The original assaying system was calibrated by comparing the
number of scintillations obtained from selected filters with visual
counts ohtained with the aid of a microscope. The results were then
expressed in terms of numbers of particles on the filters. However the
system did not provide the accuracy required becauce of the uncertain-
ties in the microscope counting. In addition the protracted high volumet-
ric sampling rates at the outer arcs caused considerable foreign
matter to be collected on the filters, introducing additional complexities
in the assaying procedures. Consequently further devalopment of the
Jd.uple assaving syste:n was required. .

The sample assaying system finally used was ae follows. When
the filters were relatively fres of dust, the zinc sulfide particles ware
activated on the filter by a fixed-streagth source of plutonium alpha
particies znd the resulting scintillations counted as described earlier.
Tor dusty filters and for calibrating the assaying technique described
above, the f{ilters were dissolved :nd extosed to white light and the
resuliing phosphorescence was measured in an automatic liquid scintil-
lation counter. A correction factor for the effect of dust 1n the sample
wag d-.termined from turbidity measurements un the vial with a calor-
imeter. ' ‘

In all, 27 releaseas were made during the Green Glow program,
all at night. Because wind shifts occaeinnally occurred during a run,
which carried the cloud outside the sampling network, not all the runs




were considered successful. Almost no useful information was availa-

L. from 3 runs while several more have only limited usefuiness.

However the goal, a minimum of 15 useful runs, was exceeded.

1.4 Meteorological Measurements

In order to relate the results of the dispersion tests to ambiunt
meteorclogical conditions, as well as to estimate the amount of time
necessary for the pigment to traverse the sampling network, certain
metesorologizal data are also necessary. These data were provided by
several instaliatiorns. Near the source, winds and temperatures at
50-1t intervais were available from the 410-ft metsorological tower.

In addition a 78-ft portable mast provided data on wind and temperature
at six leveis 10 give a better picture of the atmosphere near the ground.
Both towers were operaied by Gener:l Electric personnel.

Two complete micrometeorological stations were operated by the
Texas A & M Research Foundation ac distances of approximately 2 and
13 miles from the source.

Besides wind and temperature, wet-bulb temperatures were
available from eight heights up to 32 m at each Texas A & M sta‘ion.
Measurements of radiation, soil heat flux, soil temperatures, and the
standard weatl.er ocbservations were also made at these locatic s,

The Teneral Electric Company also operated a wind station net-
work consisting of wind speed and direction sensing instruments mounted
about Z3 ft above the ground. The wind readings were autor:*tically
transmitted to a building near the dispensers, where they were re-
corded. [n Fig. t the locations of thuse stations are shown by tlhe
large crosses with arabic asumoers beside thein.

Upper-air observations were provided by a rewinsonde team
from the 6th Weather Squadron, 4th Weather Group, Aflr Welth@r Ser-
vice. Their station was located about 4.5 miles from the source and
is marked as GMD-{ Station in Fig. 1. In general the plan called for
@ balioon w be released about | hcur prior to the planned emis niokn
time, one rele..ned at emisuion time, and one released | hour after

eniission. Datas were taken up to 8000 ft during each of these releases.




2. DREDICTION OF AREA-DOSAGE

2.1 Introduction
The purpose of this secticn is to describe and summarize the re-

sults of an analycis designed 1o obtain «stimates of the area within
which a specified level of poliution would ve exceeded downwiud of a
continuous point source of pollution. The mathod of analysis is es-
sentially the same as that used by Elliott? in studying the same problem
using data collected during Project Prairie Crass. ! ‘

Strictly speaking, the resvits of this study are applicable only to
the Hanford reservation and only for a pollutant similar to the zinc
sulfidy t-scer used. However, compariscns with the Prairie Crass
resuits indicate that some genevalizations are possible., These wiii be

discussed later.

2.2 Method of Analysis

The values of dnsage cbsorved at each sampler for each arc
were plotted on 3 grid proporticnal to the actual sampling grid used at
the Hanford site. These values were plotted for 18 of the 27 tracer
releases made. The other nine releuses were rejected f2r » variety
of reasons, the most common being failure of the tracer to remain
within the sampling netwcrk during the experiment. v _

After these values of dosage v-ere plotted, the highest values
observed on selected arcs were determined by inspection. The lfcu
selected were those approximately 1, 2, 8, and {{ iniles irom the
source. [sopleths of thene dosages vere drawn; and the area within
these isopleths was then measured with a planimeter. Figure I shows
a typical pattern obtained {or the peak dosage at 1€ .niles.

Since differing amounts of ﬁi;mcut were released during differ-
et releases, observed values of dosage (D) were divided hy the total
amount of pigment emitted (E). During the analysis of Prairie Grass
data, it wae found that the inclusion of the wind speed in the final
prediction scheme resulted in significant improvemeut. (An examina-
tion of Sutton's equation suzgests that this would be the case.)
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Therefore, the values of D/E were multiplied by the wi-d speed {U)

ooserved at 2 m above the ground. inally the values of DU,/ E were

plotted on iogarithmic paper against the values of area (A) enclosed
by D.

2.3 Results:

Figure i shaws the results of this analysis. Tha values of A
are in (mctcu)z and the values of DU/E are in (mouu)'z. Results
of the Prairie Grass analysis are also shown for comparison. (Only
those pointe for nighttime gas releases at Prairis Grass are pre-
sented.) One can see that the values from each set of experiments
tend to lie along a straight line although the lines are not the s:me
for the two different uets. In order to see this more clearly, least
iquares regression lines were computed for both sets of points.
These lines are indicated in Fig. 3. Thaeir equations are

°0- 95
(Green Glow) A s 10. 3(%”-) T (1

and

-00 9!
(Prairie Grass) A = 33, 1(25!)

The exponents of Eqs. (1) and (2) are almost the s*me and, in
fact, no statistically significant difference can be ascribed. The fact
that the two lines do not lie along nne anutlier is not too surprising in
view nf the differences between the two sets of experiments. Differ-
ences in vegetation, terrain, tracers used, and source height could
all lead to differences in the results. The fine particles used as a
tracer at Green Giow couid gi.e different rates of deposition com-
pared to the gas tracer used at Prairie Grass. In lddttion,.when

measurements trom towers were availahle at Green Glow, it was

frequently founa that the maximum D observed along a given arc waas
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not near the ground, as it appeared to be at Prairie Grass, but was
found at greater heights. Thiu fa:t wou!d also contribute to differences
between Green Glow and Prairie Grass. However the significant fact
is that the lines are essantial’y parallel, indicating that basically the

eifects of the atmosphere are the same in the two experiments.

2.4 Discussion of Accuracy

It is not suificient to simply consider the regression line (or
prediction equation) without consldering some measure of the accuracy
of the prediction.

The standard error of estimate of the regressiou line computed
trom the Green Glow data indicates that the range 0. 60 to 1. 6£ tizaes
the predicted arsa embraces the cbserved area about two-thirds of the
ti.ne. Similariy the range 0. 36 to 2. 76 times the predicted area em-
braces the observed area about 95 percent of the time. These ranges
may seem extrema, but one must recall that the total range of areas
observed was almost 3 orders of magnitude. These limits are some-
what larger than the comparable limits about the Prairie Grass line,
due in part to the less accurate determination of the values of D at the
outer arcs and the greater difficulty in determining A. Saction 2.6
""Appendix' contains an example of the use of this scheme in actual
practice.

Another factor affecting the relationship between A and DU/E is
the atmosnharic stability. Generally, those points derived from
measurements made in the most atel.le conditions tended to fall above
the regression line (larger areas for the same values of DU/E) while
those derived from less stable conditions tended to fall below the re-
gression line (smaller areas for the same values of DU/E). This re-
sult was even more evident in the Prairie Grass data. However, with
the Green Glow data, at great distances from the source (8 and 16
miles) the separation of points by stability was not so graat as with

tl.e points cioser to the source. This may be a reflection of the greater

11




difficulty in defining a relevant stability parameter to apply during

much longer travel times involved at Greea Glow. It was not judged

_that the slight improvement in prediction made by including a stability

parameter warranted the inclusion of it in this scheme. Furthermore,
to apply such a correction one would n~ed measurements of vertical
temperature gradient which are not normally available at standard
weather stations. These results do indicate that further study of the
atiects of stability on clouds traveling for long distances would be
helpful.

In addition to defining the area enclosed by a given isopleth, it
would be Fighly desirable to be able to specify the shape of this area.
Figure2 suggests that the shape is somewhat elliptical and this appears
to be a fair approximation. Thus, if one can determine the
maximum distance downwind of the source that a given value of 1D will
reach, one can obtain a crude estimate of the maximum width ui the
isopleth by dividing the predicted area by the guaatity (v/4 x maximum
downwind cistance). Results of this study indicate that such a procedure
would, on the average, overestimate the maximum width by anuet 10 to
20 percert but individual values could be in error by as much as +60
or 70 percent to -20 percent. This maximum width is found at.out
halfway t:tween the source and the maximum downwind distance.

At best thix in:thod of determining the shape is crude and should
he used with c: vtion. Furthermore, resuits of Prairie Grass indicate
that in unstable conditicns or with short einission times, the shape of
the area may be far from el'iptical and the method zhould not he used.
Also, if the mean wird directicn is not constant with dhur‘ra. the
shape will be disturted and the resuits of this method quite misleading.
ALl in all, this scheme for estimating the shape can at best serve onl',;

av a rough guide.

2.5 Extension of Resultr to Other Conditions
The quertion of whether these results can be applicd in other

curditions and for grealer distances than those invoived in this study

12 -
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must be considered. In the following discussion the views expressed
are only educated guesses basea upon the authors' experiences with
diffusion data.

Tha similarity ut the exponents in Cgs. (i) and {2) leads one to
have some confidence in further extrapolation.. Without much doubt
we fcel the results would be valid to distances of 30 to 40 miles. With
somewhat less confidence we fee! the results should be a fair guide
out to distances of 50 to 60 miles. Beyond this we are reluctant to
make any statemient. . Remember that all these extrapolations are
based upon the assumption that the wind blows in about the same
direction and speed over the whole distance, the terrain remains
rougilly unifaorm, the general level of vegetation remains about the
same, and the pollutant has about the same characteristics as the
tracer used. In reference to the matter of vegetatioa, it may be that,
other things Leing the same, a wind speed {U) measured at some lower
elevation (say | m) might produce a better estimate of the area if the
vegetation height is on the order of a few centimeters rather than about
i-m high as 2t the Hanford reservation,

A point which must be emphasized is the matter of terrain. Cur
presert knowledge of wind regimes in mountainous areas is 1..zager.
All the above conclusions may be poor predictcrs at best if the pollutant
cloud enters or is relcased in fairly rough terrain. Funneling effacte
and local circulations can so distort the wind finld and sub:aquent
diffusion patterns that any of our current diffusio models would be

inadequate to describe the results.

2.6 Appendix

This gives an example of the use of the results of this section in
determining the 1rea enclosed by a given isopleth o lrsage. Figure 4
shows the regression line (Eq. [ 1]), of Fig. 3, replotted without the
data points. In addition the alanting dashed lines repreeent the pinta

of the Itmits of one standard error. 'n other words about two-thirds
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of the cases should fall between the two dashed lines. [Ley cutline

the range -+0 percent to +56 percpgnt of the value found on the sc'.d
line.
As an example, for a given emissicn (E, and a wind sbeed (U)

at 2 m above ground, we wish to estimate the area enclosed by 4 given
dnosage (D). Let us assume that PE—U is then computed to be

2x 1078 m 2. This value is entercd as the abscissa (Point Q in Fig.4).
The ordinate erected at Q intersects the sclid line at B, the ordinate

of which is 2.7 x 106 m®. This value represents the best estirrate

oi the area enclosed oy ‘QEQ = 2.0 x 10-6 m‘z. This is alsu the
area enclosed by D for the given values of E.zna U. The intersecction

of line QB with the lower dashed line (Point C) gives an area of

1.6 x lO6 m?' and the intr.rsection of the -ctension of line QB with the

vpper dashed line (Point D) gives an arvy of 4.5 x 206 mz. Thus we
say that about two-thirds of the arcas enclosed by an isopleth wnose
value is 2.0 x 106 m‘Z will lie batween 1.6 x 106 ml ancd 4.5 x 106 mz.
Actually the ratios D'/B' and B'/C' are Loth equal tc 1.06. If we
fusther wisned to estimate the values of the areas between which 95

percent of the cases wil; occur we can multiply the value B' =2. 7 x

10® m? by (1. 66)% and divide B' by (1. 66)% obtaining a range of about

2 6

i x10" m®to7.4x10 ml, within which 95 percent of the areas

should lie.




EN TRACEZR ARRIVAL TIME3 AT 8 \ND 16 MILES
3.1 Introduction

This section provides an estimate oi the informat: a necessary.
to determine the time of first arrival near ground level of a tracer at
distances of 8 to 16 miles from the source. The results of this study
are based upon analyses of data obtained from drum sampl‘er- placed
along the 8- 2-< {6-mile arcs of the Green Glow sampling grid. Pig-
inent is drawn into these samplers and impacted on a tape attached to a
revolv‘ing drum. The drum is turned slowly at a known rate and the
pattern of pigment deposition on the tape provides a means of estimat-
ing che tinne o/ first arrival of significant quantities of trucer material
at the samnpler. .

Tris study is concerned with determining the time atter relsase
of pigment at the source that significant quantities of pigment firat
arrived at the sampler. Arrival time was defined to he the time of the
beginning of a continuous reception containing about 98 percent of the
material. Because particles could become lodged in the intake tube
curing a given run (although all possible care was taken in clean:-
the drums between runs) and subsequently appear <.. the drum ‘n the
next run, it was not always easy to define the exact beginning <. the
reception uf pigment. A further error could be introduced by lack of
precise knowledyge of when the drum was first turned on. |hts,
coupled with the errors of about 2 minutes in actually readin; the
druin, could produce an over-uli uncertainty of as much as 5 or 6
minutes tn determining the actual tinie of arrival of the pigment.
Despite these possible errors significant results were obtained.

in addition to the drum san:pler data, wind sp~eds, wind direc-
tinors, and temperatures were available from the variour meteorological
installations discussed in Section 1. The wind data werc usad to con-
struct theoretical trajectories of the plume su that the time of fﬁ:t
arrival at an arr could be vorrelated with the wind speeds at various

Leights.
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3.2  Methnd nf Analyeis

Of the 27 runs made during the Green Glow progran:, drum
sampler data were available for {8 runs out to R miles from the so0uice
and for 10 runs cut to 16 miles from the source. However some of the
data couid not be used in these studies because the samplers were not
turned on soon enough »t one or both arcs. This is evident from the
traces when pigment appeared on the drum immed.ately after the
samplesrs were turned on, leaving one in doubt about the time of first
arrival. For this reason the number of runs with useful data wa: re-
duced to 12 for travel to 8 miies and to 5 for travel to 16 miles.

Zstimates of travel times to the twu arcs werc made using tne
mean winds observed at various levels during the dilfusion expe 'i-
ments. Winds at 50 and 100 ft above the ground were recorded >n the
meteorological tower and o 15 {t wind was determined by interpslation
Uctweoen 7 [t and 50 ft leveis. Fiiieen feet was chosen becauce tis
close to the estimaied scurce heignt. It was assumed that the pigment
traveled in a straight line from the generator to the samplars on the
««cs. Since the wind did change somewhat in direction dusi..g the
travel time, another set of travei times was computed to 6 and 16
milea.  The 23-1* wind dirartions rceported by the wind-station network
plus the 15 ft tower wind speeds and the wind speeds ind directiors of
the Texas A & M ctations were combin:d in a streamline analysis to
give an estimate of the travel time of a particle 1emaining in the 15 to
20-1t layer.

3.3, Results

Table 2 shuws the comparison between the theoretical trajectories
computed assuming the ~articles were transported in a straight line
with the 15 ft tower wind and assuming they were tranapiited along the
stream!ines as discuseed in the preceding subsection. Inspection re-
veals little difference between the travel tinies computec by the two

methrde for atances vat tu 8 iniles. However tor travel to 16 miles
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TABLE 2. Initial arrival times {minutes after first relcase)of pigment
at 8 and 1t miies from source observed {T,) and computed
from 15-ft source wind(’l‘li)and from 15-{t streamlines T

trag
] 8 MILES 16 MILES | .
Run No. T, T,g Ttraj T, Tys T:xa) |
6 42 48 48 '
7 77 107 96
8 19 72 68
10 24 34 32
14 96 130 113
|15 56 96 82
i 17 20 37 42
T 68 83 119
TE 21 31 37
| 21 76 91 1214
| 22 30 42 49 4 .
I 23 51 75 82
L28 8 42 45 48 76 78
‘ 26 40 4" 46 64 95 108 )
Y 24 36 37

there is a tendency for the streamline method to produce somewhat
longer travel times (but not in each case), As might be expected.
This result does show the effects of variatione in speed and direction
aléng th: travel path.

Table 3 cuinpares tine observed travel time (To) with the travel °
times computed froimn the winds at 15, 50, and 100 ft as determined
from the tower observations. The columns marked To give the ob-
served travel times to the espective arca. The coluinns marked
TH' To R TSO Tu, and TlOO TO give the ratlcas of the travel tiines
computed from the winds at the heights represented by the subscripts
aud the ouserved travel times., The colurmnn markea SR gives the

Stability Rat’'c (see Sectinn 2.3, Fq. 1).

18




s R 0. & % s

TABLE ’. Observed initial arrival time (T,); ratios of arrival times
computed from 15-{t wind lpeed?'rls), 50-ft wind speed
{T50) and 100-ft wind spced (TIOO) to T: and Stability
Ratio (SR).

—

S

o e e .

3 MILES 16 MILES

s:n To TI 5,"1'0 TSU /To TlOO’/To To TIS"To 'EO/TO TlO({ 'I; SR

6 42 1.14 0.84 0.68 0.57

7 77 1.39 0.7  0.60 1.7

3 39 (.84 1.34 0.92 1.4

10 24 1.42 1.08  0.90 0. 22
14 6 1.35  0.78 - 0.52 12.0

15 56 1.71 1.06 0.83 3.2

170 1.5  1.41 1.14 0.12
16 68 1.22 0.93 0.76 0.56
: 21 i.46 l.h6 0.9y ‘ 0. 06
21 76 1.20 0.90 0.74  0.14
22 30 1.40 1.07 0.93 0.47
»2 S1 1.47  t.14  w.96 0.1}

25 28 1.50 f.16  0.98 48 1.58 1.22 1.06 0.13
26 40U 1.10 0.8B4 0.7t 64 1.4 1.06 0.89 0.21 |
St 24 1.50 1,20 1.04 0.06 |

{

A ratio of computed travel time at some height to che observed
travel (uine which is greater than 1.0 indicates that the pigment arrived
at the arc sooner than wvould have been expected werc the pigment trans-
ported with the wind at the narticular height, and conversely il the ratio
is less than 1.0. Cne can see immadiately that the pl.mont'nlwiym
arrived svoner than the wind near the source height (15 {t) would have
indicated. In only 4 of the 12 obsarvations of travel to 8 miles did the
pigment arrive later \han would have heen indicated by the 50 ft wind
speed ana in one case arrived soonear than would have been indicated

by the 100 {t wind sneed. These results indicate that, on the average,

19



a wind speed measured somewhere between 50 and 100 {t is necessary

to specify the first time of arrival. In fact, fur Run 17 the wind data
showed that the {50 ft wind speed would have been neceasary tc specify
first time of arrival. Although there are but half the number of
observations of 16-mile travel time these results seem to hold at this
distance as well.

One can easily understand what hippens. The pigment cloud
diifuses upward as well as outward by the action of turbulence. The
pigment which first arrives at an outer arc has initially been diffused
to a keight of somewhere in the neighborhood of 100 ft and travels
alang 2t this haight. Some of this pigment is diffu-cd downward 2532in
by turbulence and first reaches the groand at the outer arcs before the
bulk of the main cloud arrives.

This fact suggests that there might be some relationship vetween
Th" '!'o and atalility, where Th refers to the travel tirve computed
from the wind at h.ight h. This suggestion arises because very stable
conditions tend to iuppress vertical mixing so that with a fixed speed
at a height of 1€ {t we might expact shorter arrival times if the »#:mos-
phere 1s near neutral than if the atmosphere is quite stable. The
nature of the data and the relatively small nuinber of cbservati.us do
no* permit vne to use refined statistical procedures to test this hy-
pothesis. H)iwever, one can use the rank correlation techniques to
gain some qualitative insight into the correctness of the hygp~thesis.
This method measures the degree of association between the order of
one variate and that of another when arranged in ascending or descend-
ing values. In this case we can use the technique to determine if high
values of the ratio of computed to actual travel tirne are associated
with low valu-s of stability, nr .u determine if low values of stability
{near neutral’ cases are associated with trave! ut effective travel
hetfghte greater than those associated with high values of stability.

When values ot I l'o are compared with SR, the answer is

15
statistically inconclusive with some indication that therc {2 a
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relationship. When 'I',,,/'l‘o and T, 5 /'To arz compared with SR, the

relationship is clear, the effective travel height increasing with de-

creasing stability.

5.4 Summary and Conclusions

This studv has shown that pigment released at about {5 ft above
the ground arrived at distances of 8 and 16 miles downwind sno:.er than
was expected on the basis of wind speeds measured at {5 ft. The study
indicates that the pigment which first arrived at these distances had
traveled with the wind found generally between 50 ft and 100 ft but
may even have traveled in soime cases with the 150-ft wind. Which
height is niost apprcpriate seems to depend upon the stabiiity of whe
air, the pigment traveiing at effectivel; lower heights with stronger
stabilities. ‘

Since all runs were made at night under atable ronditlons no
quantitative results are available for daytime conditions. In the day-
time the resulting exposures at the gruund are less: but, with svery-
thing eise the same, 1t may very well be that the first pigiment would
travel with winds appropriate to the 150 or 200 ft levels, or perhaps
higher.

While this study indicates that wind measurements at 50 ft and
100 ft would be desirable, we recognize that such measurements might
not eaatly ha availahle, Wher they are not available, the wind speed
at 15 ft probably shouid be doubled {{ur safety) to obtain an estimated

4rrival tirne a: some (K11t Lel. een o and 16 miles downwind from the -

source.
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